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ABSTRACT
University Space Engineering Consortium (UNISEC) is a non-profitable organization established in 2003 with the
purpose of supporting the “ realization of practical space engineering activities, ” and providing support to
universities and research institutions in Japan. UNISEC has accumulated practical experiences and achievements
from more than 80 micro- and nano-satellite projects of the corporate partners, which also includes the two worldfirst-CubeSats launched in 2003. Following the recent drastic increase of academic and commercial space
development and utilization activities all over the world, UNISEC has recently conducted a survey on the lessons
learned of safety and mission assurance of these satellites partly as a contract from JAXA, to distill the best practices
to ensure the mission success of the satellites. The survey contains replies from more than 15 faculty members and
researchers of 10 universities or institutions or colleges with information about 36 satellite projects, 208 individual
success and failure cases.
In this research, we analyzed questionnaires of lessons learned from each satellite project statistically by sampling
specific terms and counting frequency. The questionnaire contains technical topics and project management topics
(including human factors, team/organization factors, schedule factors) for the analysis of individual subjects of
success or failure. The examples are categorized into the following: Accomplishments or failures of the mission on
orbit, Demonstrations or troubles on the bus functions, and Supplemental products (design/test process, educational
effects).
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INTRODUCTION

UNISEC

Background

University Space Engineering Consortium (UNISEC) is
a non-profitable organization established in 2003 in
Japan.[4] The participating universities were mainly
consisted of satellite projects and rocket projects. At the
time of 2003, the universities which had started or been
about to start satellite projects were including The
University of Tokyo, Tokyo Institute of Technology,
Tohoku University, Kyushu University, Hokkaido
University, Hokkaido Institute of Technology, Nihon
University, Soka University, etc. As of 2022, UNISEC
has
accumulated
practical
experiences
and
achievements from more than 80 university satellite
projects as introduced in following chapters/sections.

Generally speaking, “Small Satellite” means less than
500 kg mass satellite. Nowadays, the small satellite had
been already becoming an essential space infrastructure
like “Mega-constellation” in the world. The largest
mega-constellation is “Starlink” by Space-X which
provides internet services via satellite network, its mass
is about 260 kg. As of the end of May 2022, the number
of satellites belonging to Starlink-constellation was
2619, and the active satellites on orbit were 2401. [1]
In the satellites categorized into “Small Satellite,” those
weighing 10 to 100 kg are called “Micro-Satellite,”
those weighing 1 to 10 kg are called “Nano-Satellite,”
and those weighing less than 1 kg are called “PicoSatellite.” Micro/Nano/Pico-satellite are often used for
educational objectives at universities, research and
development, and on-orbit demonstrations for new
technologies because of their light weight, simplicity of
systems, and low launch costs. This feature was
accelerated furthermore by the concept of “CubeSat”
which had standardized cubic formfactor proposed by
Prof. Twiggs in 1999. Now, CubeSat is an epochmaking enabler for university satellite missions. [2]

UNISEC was organizing a general meeting (every July)
and a workshop (every December) as annual events. In
these anual events, the participating universities shared
with each other the progress of their projects, presented
and shared technical information, design and test knowhow, satellite mission overviews, status of launched
satellites, on orbit data, lessons learned, etc. The
authors (Tsuruda, Furumoto, Miyata, Kuwahara) also
participated as students at Kyushu University in these
annual events held at respective years. As of 2022, we
became the faculty members of UNISEC, and are
driving own satellite projects with students. As in this
case, there are many other examples of “person who
have participated in educational satellite projects as
students and are now in a position to teach students as
faculty members at universities/technical colleges in
UNISEC.” Additionally, in not so few cases, people
who experienced university satellite projects as students
in UNISEC had started venture companies related to
space mission like new Earth observation constellations,
new space transportations, ground station networks,
satellite components, testing, etc.

World Trends
Figure 1 shows the cumulative amount of NanoSatellite of all over the world as published on the
website “Nanosat Database (Erik Kulu)” [3]. This
database provides all Nano/Pico-Satellites including
CubeSat since 1998. The viewgraph shows a dawn of
drastic increasing trend in the number of satellites from
around 2010 to 2014. In these years, various launch
campaigns were happened for university satellites in the
world. After 2014, not only universities but also
companies started to use Nano/Pico-Satellites including
CubeSat for their business mission. These new business
trends were often originated from university projects.

In this context, in terms of university satellite projects,
it is worthful to look back again and review at this
period of almost 20 years and analyze its lessons
learned and findings. In this paper, the statistical data
and important suggestions which created through
UNISEC activities in 2020 to 2021 are introduced
based on this research motivation. This statistical
investigation was conducted a part of survey on the
lessons learned of safety and mission assurance of these
satellites partly as a contract from Japan Aerospace
Exploration Agency (JAXA), to distill the best practices
to ensure the mission success of the satellites. The
survey contains replies from more than 15 faculty
members and researchers of 10 universities or
institutions or colleges with information about 36
satellite projects, 208 individual success and failure
cases.

Figure 1: The cumulative amount of Nano-Satellites
(https://www.nanosats.eu/, accessed June 1, 2022)
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Figure 2: UNISEC-related Major Satellites (from 2003 to 2019) © UNISEC 2002-2022.
(http://unisec.jp/unisec/satellites, accessed June 1, 2022) [4]
87 (= 73 + 14) satellite projects related to UNISEC
(cases shown in Figure 1 and Table 1 plus the others).

UNISEC SATELLITES
UNISEC Satellite Projects Overview

Table 1:

Figure 2 shows major satellites from UNISEC activities
from 2003 to 2019. In this picture, there are 55
university satellites. The actual number is 73 because
some satellites are not shown here. As for the latest
satellites from January 2020 to April 2022, Table 1
shows project name and major organization
(represented in the case of multi-university projects). In
this table, satellites in which universities were involved
in the development and operation on their own initiative
were counted, and cases in which universities
participated as members in projects led by private
companies or national agencies were excluded.
Additionally, the satellites developed and operated by
universities that are not members of UNISEC is also
excluded. During 2020 to 2022, there were total 14
Micro/Nano-satellites or CubeSats. These satellites
were launched by the opportunities such as ISS J-SSOD
(JEM Small Satellite Orbital Deployer) [5] or Epsilon-5
(Japanese launch vehicle) rideshare launch [6]. In this
paper, we investigate, analyze, and discuss about these
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Year

Latest Major Satellites of UNISEC
Project Name

Organization

2020

G-SAT

The Univ. of Tokyo

2021

TSURU (Birds-4)

Kyushu Institute of Tech.

2021

STARS-EC

Shizuoka Univ.

2021

HIROGARI (OPUSAT-II)

Osaka Prefecture Univ.

2021

ASTERISC

Chiba Institute of Tech.

2021

TEIKYOSAT-4 (OORURI)

Teikyo Univ.

2021

HIBARI

Tokyo Institute of Tech.

2021

KOSEN-1

National Institute of Tech.,
Kochi College

2022

KITSUNE

Kyushu Institute of Tech.

Launch Year Condition
Table 2 shows the launch year condition of UNISECrelated 87 satellites. 85 satellites were successfully
launched. However, 2 satellites were failure due to
launcher trouble. A remarkable point of this table is that
2014 was the turning point of Japanese microsatellite
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projects. The authors (Tsuruda, Furumoto, Miyata, Cho,
Kuwahara) have experienced the launch of satellites
that they were involved in developing and operating in
around 2014, respectively. Therefore, the question
“What factors have driven this movement up to 2014?”
is important. The period from 2003 to 2009 was the
dawn of university satellites in Japan, and the results
fostered here have resulted in defining several
subsequent national grants. Since 2014, various new
space venture companies have been established year by
year based on the university satellite project
achievements. This major trend was mainly brought
about by the large grants of the Ministry of Education,
Culture, Sports, Science and Technology (MEXT), the
Ministry of Economy, Trade, and Industry (METI), and
the Cabinet Office (CAO) in Japan.

Orbit and Launcher
From here, we focus on the 85 successful launch cases.
Table 3 shows the category of launch condition of
UNISEC-related 85 satellites. 4 spacecrafts were
injected into deep space trajectory, and the other 81
were injected into near-Earth orbit like LEO (Low
Earth Orbit) or SSO (Sun-Synchronous Orbit) or ISS
orbit. 1 special case is launch as a main payload by
using SS-520 (the world’s smallest satellite launcher in
2018, developed by JAXA/ISAS) [23, 24].
Table 3:
Orbit Type

Additionally, in 2014, there were 3 H-IIA piggyback
launches, 2 Russian launch campaigns by using Dnepr
Rocket [7]. The realization of five such launch
opportunities in one year made “the-year-2014” one of
the turning points in Japanese Micro/Nano-Satellites
and CubeSats. Several satellite projects were reported at
the previous SSC or similar opportunities as the
followings: XI-IV [8], UNIFORM-1 [9, 10],
HODOYOSHI-3/4 [11, 12], PROCYON [13-15],
RISESAT [16, 17], Birds Program [18-21],
OrigamiSat-1 [22].
Table 2:

Orbit Type (Total 85 Cases)
Number

Ratio [%]

SSO (i > 90 deg)

35

41.2

LEO (i < 90 deg)

11

12.9

ISS (i ~= 51.3 deg)

34

40.0

Special (187 x 2012 km)
(by SS-520 Launch)

1

1.2

Deep Space

4

4.7

From viewpoint of launch opportunities as shown in
Table 4, “ISS J-SSOD Release” is most used (34 cases,
40%). Among the cases by Japanese launch vehicles,
the first was H-IIA Piggyback (27 cases) from
Tanegashima Space Center, the second was M-V or
Epsilon launch vehicle (11 cases) from Uchinoura
Space Center, and the third was SS-520 (1 case) from
Uchinoura Space Center. Among the cases by the
overseas launch vehicles, Russian launch vehicle (like
ROCKOT, Dnepr) was frequently used (9 cases), PSLV
(Indian launch vehicle) was occasionally (3 cases).

Launch Year (Total 87 Cases)

Year

Number
Total: 87

Ratio [%]

2003

2

2.3

2004

0

0.0

2005

1

1.1

|

-

Number

Ratio [%]

2006

3

3.4

|||

1

H-IIA Piggyback (Japan)

27

31.8

2007

0

0.0

-

M-V/Epsilon Piggyback (Japan)

11

12.9

2008

2

2.3

||

-

SS-520 Main Payload Launch (Japan)

1

1.2

2009

4

4.6

||||

-

Russian Launch Vehicle

9

10.6

2010

4

4.6

||||

-

PSLV (Indian)

2011

0

0.0

-

ISS J-SSOD Release

2012

4

4.6

2013

0

0.0

2014

18

20.7

2015

1

2016

4

2017

10

2018
2019

||

Launch
Failure: 2
-

||||

|

-

4.6

||||

-

11.5

||||||||||

1

10

11.5

||||||||||

-

10

11.5

||||||||||

-

|

-

||||||||||||

-

1

1.1
13.8

2022

1

1.1

Launch Type

3

3.5

34

40.0

Frequency

-

1.1

12

Launch Conditions (Total 85 Cases)

-

-

2021

Table 4:

-

||||||||||||||||||

2020
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Indicator

Table 5 shows the category of operation frequency
condition of UNISEC-related 85 satellites. The ratio of
amateur satellite is about 81 %, and the case of nonamateur is about 18 %. One case which the satellite had
the membrane deployment demonstration mission, and
had NOT tele-communication system (FREEDOM,
released from ISS in 2014[25, 26]). In the case of nonamateur, S-band and X-band the experimental station
were frequently used. Some satellites with LPWA (Low
Power Wide Area) standard 920 MHz receiver systems
were demonstrated on-orbit from 2018 to 2022[27, 28].

|
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Table 5:

Frequency Conditions (Total 85 Cases)

Frequency Type

Number

UNISEC LESSONS LEARNED INVESITIVATION

Ratio [%]

Amateur

69

81.2

Non-Amateur
(Experimental Station)

15

17.6

1

1.6

No Tele-Communication

UNISEC interuniversity activity
In 2020, UNISEC planned and implemented a “Lessons
Learned Sharing Lecture” for each university satellite
project using the online communication tool, as an
alternative option of face-to-face events due to the
global COVID-19 epidemic. As the summary of this
online lecture, we have started investigating university
satellite project success and failure under contract
JAXA’s grant. The original report was edited in
Japanese and published as the JAXA Contract Report
“Lessons Learned for Mission Success of
Microsatellites” (ISSN 2433-2240 (Online), JAXA-CR21-002) [29]. The following contents are based on the
survey results referring from this document, re-edited in
English.

Configuration
Table 6 shows the satellite configuration type
categorization. More than half of the UNISEC-related
satellites launched to date had a standardized CubeSat
style. Satellites that almost conform to the CubeSat
standard but use a unique separation mechanism were
classified as “Primitive CubeSat” which included the 1st
generation CubeSat in 2003 like XI-IV, CUTE-I, and
the main payload nanosatellite launched by the
dedicated launch vehicle like TRICOM-1R by SS-5205 in 2018 [23, 24]. Non-CubeSat configuration
satellites which were generally called Micro-Satellite
like HODOYOSHI-1, 3, 4 in 2014 were 31 cases.
Table 6:

Report Contents
Table 8 shows the major contents of lessons learned
report from each university. This report contains
success analysis and failure analysis. The research team
wanted to identify not only “What was happened?”, but
also “Why the case was happened?” “What were the
important factors?” and “How the project team deal
with it?” in this survey. Therefore, the research team
asked the questionees who had experienced mission
success or mission failure to analyze from the following
viewpoints:
technical
factor,
human
factor,
organizational factor, scheduling factor, etc.

Configuration Types (Total 85 Cases)

Configuration Type

Number

Micro/Nano-Satellite
(Non-CubeSat Configuration)
Primitive CubeSat
(by Original Separation Mechanism)
Standard CubeSat (1U to 6U)
(POD-Type Deployment)

Ratio [%]
31

36.5

7

8.2

47

55.3

Table 8: Major Contents of the Success and
Failure Analysis Report [29, Page 5-12]

Mass Distribution
Table 7 shows the satellite entire mass distribution.
The number of around 1kg-mass satellite was largest.
This means 1U CubeSat was most used in Japan. The
heaviest satellite was PROCYON [13-15] (65kg,
launched in 2014, deep space mission). Summation of
total 85 satellites mass was about 1240 kg. Average
value was about 14.6 kg. Median value was about 2.7
kg.
Table 7:

Mass Distribution (Total 85 Cases)

Mass Category

Number

Ratio [%]

1 kg <= Sat. Mass < 2kg

35

41.2

2 kg <= Sat. Mass < 3kg

9

10.6

3 kg <= Sat. Mass < 4kg

5

5.9

4 kg <= Sat. Mass < 5kg

5

5.9

5 kg <= Sat. Mass < 10kg

4

4.7

10 kg <= Sat. Mass < 20kg

6

7.1

20 kg <= Sat. Mass < 50kg

3

3.5

50 kg <= Sat. Mass < 100kg

18

21.2

Total ( ~ 1240 kg)

85

100.0

Tsuruda

Contents
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Remarks

Project Name

--

Project Overview

Mission, System Spec., Orbit, etc.

Organization

All participant Universities or Colleges,
Role Definition, Budget,
The Cumulative Number of Students, etc.

Category

System/Subsystem/Components
Operation, Others, etc.

Success Issue Title
or Failure Issues Title

5W1H Sentence
The questionee’s Subjective Opinion

Success Facture
Analysis

The questionee’s analysis for above from
the following viewpoints:
Technical Factor
Human Factor
Organizational Factor
Scheduling Factor
Others

Management Style

Pros. and Cons. of management
related to success or failure issues

Reference Doc.

Related Documents
(Ex. JAXA’s Standard Handbooks)
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Table 9:
No.

Reported issues from success and failure analysis from UNISEC universities [29, Page 23-24]

Project Name, Target Component

Organization

S-Case #

F-Case #

1

OrigamiSat-1/FO-98

Tokyo Institute of Technology

1

11

2

HODOYOSHI-3, 4

The University of Tokyo, NESTRA

6

-

3

HODOYOSHI-1, Propulsion System

Tokyo Metropolitan University

1

-

4

HODOYOSHI-3, Propulsion System

Tokyo Metropolitan University

1

-

5

UNIFORM-1

Wakayama University, The University of Tokyo, NESTRA

5

-

6

XI-IV

The University of Tokyo

1

-

7

PRISM

The University of Tokyo

8

-

8

TRICOM-1, Thermal Vacuum

The University of Tokyo

1

-

9

TRICOM-1

The University of Tokyo

1

-

10

PROCYON

The University of Tokyo

6

9

11

Micro Dragon

The University of Tokyo

3

4

12

50kg-class MicroSat, Mission Instrument

-

1

-

13

KKS-1

Tokyo Metropolitan College of Industrial Technology

2

9

14

QSAT-EOS

Kyushu University

2

-

15

RISESAT

Tohoku University, Hokkaido University

1

19

16

SPRITE-SAT

Tohoku University, Hokkaido University

-

4

17

RAIKO

Tohoku University

-

2

18

RISING-2

Tohoku University, Hokkaido University

-

3

19

NEXUS

Nihon University

1

2

20

STARS

Kagawa University

6

4

21

STARS-II

Kagawa University

6

4

22

STARS-C

Shizuoka University

4

3

23

STARS-AO

Shizuoka University

4

1

24

STARS-Me

Shizuoka University

3

4

25

Horyu-2

Kyushu Institute of Technology

4

5

26

Horyu-4

Kyushu Institute of Technology

2

2

27

Birds-1

Kyushu Institute of Technology

-

2

28

Birds-2

Kyushu Institute of Technology

-

3

29

Birds-3

Kyushu Institute of Technology

2

1

30

Anonymous Case 1

-

-

13

31

Anonymous Case 2

-

-

10

32

Anonymous Case 3

-

-

1

33

Anonymous Case 4

-

-

3

34

Anonymous Case 5

-

-

6

35

Anonymous Case 6

-

-

10

36

Anonymous Case 7

-

-

1

Note: There were 8 anonymous cases which questionee wished to remain anonymous.

In some responses, the satellite name was made
anonymous at the questionee’s request. All questionees
were faculty members of universities affiliated with
UNISEC. Some faculty members answered to a same
satellite project. Analysis targets included not only
entire satellite system, but also subsystems, components,
mission instruments, ground station, ground test
facilities, and project related activities.

Table 9 shows the list of issues from success and failure
analysis report from universities of UNISEC. “S-Case”
means success analysis case, and “F-Case” means
failure analysis case. The response rate from UNISEC
member universities was approximately 30 ~ 40%, with
36 responses collected for the 85 UNISEC-related
satellites mentioned in previous chapter.

Tsuruda
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Table 10: Categorization of reported issues from success analysis
from UNISEC universities [29, Page 151]
Number of
Success Analysis Report

Category
Mission Achievements

22

30.6

Fundamental Bus Demonstrations (COM, EPS, CDH)

24

33.3

Advanced Bus Demonstrations (ADCS)

15

20.8

Ground Test Process

5

6.9

Others (Supplemental Achievements)

6

8.3

72

100.0

Total

Figure 3:

Pie chart of categorization of reported success issues [29, Page 151]
would lead to the successor projects. “Other” consists
of “Student Education”, “Ground Station”, and “Test
Facilities”.

Success Case Categorization
Table 10 shows categorization of reported issues from
success analysis report from UNISEC universities.
There were 68 individual success case reports. These
case studies were categorized into “Mission
Achievements,” “Demonstration of Fundamental Bus
Functions (tele-communication (COM), electrical
power supply (EPS), command and data handling
(CDH)),” “Demonstration of Advanced Bus Functions
(attitude determination and control (ADCS)),” “Results
from Ground Tests,” and “Other”.

Table 11 shows the major factors analyzed by each
questionee about their success cases. “Sufficient
Ground Test” was supposed to be most important by
experienced university faculties, and the next was
“Flight Heritage Usage”, and the third was
“Experienced Person’s Support”. In serval cases,
insight and/or ingenuity related to “OBC (On-Board
Computer)”, “PCB (Print Circuit Board)” design.

“Mission Achievements” was mentioned in about 30%
of the cases, meaning that only about 1/3 of the projects
in this survey could confidently state that they had
achieved their mission objectives. The remaining 2/3 of
the cases were the result of having the participants
consider what could have been accomplished in that
situation, even though the mission accomplishment did
not materialize as expected. “Demonstration of
Fundamental Bus Functions (COM, EPS, CDH)” was
approximately 33%. On the other hand, “Demonstration
of Advanced Bus Functions (ADCS)” was about 21%.
This means attitude control tends to be difficult for
university satellite projects. About 7% of the reported
cases mentioned that they had achieved some results
from the “Ground Test”, e.g., acquired heritages that

Tsuruda

Ratio [%]

Table 11: Major Factors for Success [29, Page 152]
Key Concepts

7

Remarks

Sufficient Ground Test

24 cases mentioned

Flight Heritage Usage

18 cases mentioned

Experienced Person’s Support

15 cases mentioned

Appropriate Trouble Shoot Process

5 cases mentioned

Insight / Ingenuity of PCB Design

5 cases mentioned

Mutual Surveillance of OBCs

5 cases mentioned

Simplified System Architecture

4 cases mentioned

On-Orbit Reprogramming Function

4 cases mentioned

Sub-OBC and Appropriate Tasking

3 cases mentioned

Insight / Ingenuity of Operation Plan

2 cases mentioned

36th Annual Small Satellite Conference

Table 12: Categorization of reported issues from the failure analysis from UNISEC universities
(Before Launch) [29, Page 238]
Major Category

Subcategory

Number of
Failure Analysis Report

Mission
Bus

Tele-communication
Electrical Power Supply

Sub Total: 40 issues
(61.5%)

Other
Sub Total: 24 issues
(36.9%)

Command and Data Handling

1.5

6

9.2

13

20.0
7.7

Attitude Control

10

15.4

Thermal Control

1

1.5

Structure

4

6.2

Deployable Mechanism

1

1.5

Harness

2

3.1

PCB Design

4

6.2

Integration Process

5

7.7

Safety Program / Rocket Interface

8

12.3

Project Management

3

4.6

Ground Station

1

1.5

Student Educational Process

1

1.5

65

100.0

Pie chart of categorization of reported failure issues (Before Launch) [29, Page 238]
functions (COM + EPS + CDH + ADC + Structure +
Thermal + Deployment Mech.) was almost 62%. The
failure related to "Safety Program / Rocket Interface"
was an important factor that was relatively common but
did not appear after launch. The issues related this
factor must be solved before launch fundamentally.
Otherwise, the satellites will NOT go space. The minor
issues consisted of “PCB Design”, “Integration
Process”, “Harness”, “Project Management”, “Ground
Station Trouble”, and “Student Educational Process.”

Failure Case Categorization (Before Launch)
Table 12 shows categorization of reported individual
issues from the failure analysis reports from UNISEC
universities which were happened before launch, and
Figure 4 shows its pie chart. These issues were solved
before satellite shipping in principle. The largest
category was EPS (20.0%), the second was ADCS
(15.4%), the third was "Safety Program, Rocket
Interface" (12.3%). The total ratio of satellite bus

Tsuruda

1

5

Total

Figure 4:

Ratio [%]
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Table 13: Categorization of reported issues from the failure analysis from UNISEC universities
(After Launch) [29, Page 240]
Major Category

Subcategory

Number of
Failure Analysis Report

Mission
Bus

Tele-communication
Electrical Power Supply

Sub Total: 57 issues
(80.3%)

Other
Sub Total: 7 issues
(9.8%)

9.9
22.5

6

8.5

13

18.3

Attitude Control

21

29.6

Thermal Control

0

0

Structure

0

0

Deployable Mechanism

1

1.4

Frequency Coordination

2

2.8

Human Error on Operation

4

2.8

Ground Station

2

2.8

Student Educational Process

1

1.4

71

100.0

Pie chart of categorization of reported failure issues (After Launch) [29, Page 240]

Failure Case Categorization (After Launch)

and/or thermal subsystems were NOT reported in this
research. The issues related to mission operation and/or
mission instruments was approximately 10%. The
minor issues consisted of “Frequency Coordination
Mismatch”, “Human Error on Operation”, “Ground
Station Trouble”, and “Student Educational Process.”

Table 13 shows categorization of reported individual
issues from the failure analysis reports from UNISEC
universities which were happened after launch, and
Figure 5 shows its pie chart. The reported issues were
related to satellites’ on-orbit situations, or operation
sequence including human factors, or ground station
equipment’s during operation. The largest category was
ADCS (29.6%), the second was COM (22.5%), the
third was CDH (18.3%). The total ratio of satellite bus
functions (COM + EPS + CDH + ADC + Deployment
Mech.) was almost 80%. The issues related to structure

Tsuruda

7
16

Command and Data Handling

Total

Figure 5:

Ratio [%]

Comparing the pre-launch and post-launch periods, the
number of EPS-related troubles has decreased, while
those related to ADCS, COM, and CDH have increased.
This may indicate that ground verification of these
subsystems tends to be relatively difficult and/or
overlooked for university projects.
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Table 14: Root-Cause Analysis of reported issues from the failure analysis
from UNISEC universities (After Launch)
[related to technical features] [29, Page 241]
Estimated Root-Cause
Related Technical features

Number of
Failure Report

Ratio [%]

Indicator

Inadequate Hardware Design and Implementation

21

29.6

|||||||||||||||||||||

Inadequate Software Design and Implementation

20

28.2

||||||||||||||||||||

Insufficient of Ground Tests

19

26.8

|||||||||||||||||||

Mistaking of PCB Design and Implementation

11

15.5

|||||||||||

Misunderstanding Ground Test Data Evaluation

8

11.3

||||||||

Inadequate Test Equipment Specification

7

9.9

|||||||

Mistaking / Misunderstanding of Power Budget Estimation

7

9.9

|||||||

Human Operator Error

7

9.9

|||||||

Inadequate Simulation / Misunderstanding Simulation Condition

5

7.0

|||||

Insufficient of Irradiation Tolerance Test for IC

5

7.0

|||||

Electrical Parts Potential Vulnerability

2

2.8

||

Frequency Mismatch / Constraints

2

2.8

||

Software version Control Mistake

2

2.8

||

Short Circuit on PCB or Wire Harness

1

1.4

|

Tele-communication Instability

1

1.4

|

Unknown

1

1.4

|

*Note: Multiple factors were extracted from a single case. Therefore, the total number is larger than the total number of reported cases.

Root-Cause Analysis of Failure Case (After Launch)

This basis is presented in contrast to what is mentioned
in previous section, Table 11 (Major Factors for
Success).

The subsequent analysis covered the 71 cases that were
mentioned about the post launch situations. The
technical and human/organizational factors from which
the most noteworthy characteristics could be extracted
are presented in the factor analysis.

The second important factors are related to “Mistaking
of
PCB
Design
and
Implementation,”
“Misunderstanding Ground Test Data Evaluation,”
“Inadequate Test Equipment Specification,” “Mistaking
/ Misunderstanding of Power Budget Estimation,”
“Human Operator Error”. The second important factors
are
related
to
“Inadequate
Simulation
/
Misunderstanding Simulation Condition,” “Insufficient
of Irradiation Tolerance Test for IC,” “Electrical Parts
Potential Vulnerability,” “Frequency Mismatch /
Constraints,” “Software version Control Mistake”.

Table 14 shows the estimated root-cause analysis of
reported issues from the failure analysis report from
UNISEC universities. At First, factors related to
technical features were extracted from the failure report.
The most common reason was "Inadequate hardware
design and implementation" (21 cases), followed by
"Inadequate software design and implementation" (20
cases) and "Insufficient ground tests" (19 cases). These
three major factors correspond to approximately
25~30% of the reported cases. This suggested that
“appropriate considering the specifications with the
time of operational situations” is important in design
phase as for hardware or software. Furthermore, as
mentioned in the third factor “Insufficient of Ground
Tests,” it implies that the designed features and
performance must be adequately verified in ground
tests to ensure that they are reasonable. This teaches us
that performing ground tests before launch of sufficient
quality and quantity must be essential for reducing
project failures.

Tsuruda

The almost common points to these factors are that it
was NOT found in test phase before launch but found in
actual operation. There are only a few cases where the
launch was noticed before the launch, but the launch
was unavoidable. The most frequently mentioned
reasons for not having done enough ground tests are
that the schedule was insufficient and that the students
did not understand the tests they must do. This basis is
also presented the following analysis related human /
organization factor.
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Table 15: Root-Cause Analysis of reported issues from the failure analysis
from UNISEC universities (After Launch)
[related to management or organization] [29, Page 243]
Estimated Root-Cause
Related to Management or Organization

Number of
Failure Report

Ratio [%]

Indicator

Insufficient Knowledge/Experience of Project Members

21

29.6

|||||||||||||||||||||

Insufficient or Mismatch of Communication between Faculties/Mentors and
Students

20

28.2

||||||||||||||||||||

Insufficient or Mismatch of Information Sharing between Project Members
and Venders / Manufacturers

19

26.8

|||||||||||||||||||

Insufficient or Mismatch of Information Sharing among Project Members

11

15.5

|||||||||||

Insufficient of Review from Experienced People

8

11.3

||||||||

Insufficient of Human Resource

7

9.9

|||||||

Misunderstanding or Overconfidence about Specification of Components
and/or Quality of Process

7

9.9

|||||||

Insufficient of Handover from Predecessor

7

9.9

|||||||

Insufficient of Information Sharing between other UNISEC Universities or
Other Organizations

5

7.0

|||||

Schedule Delay / Insufficient Time Margin

5

7.0

|||||

Uncertain Division of Roles among Project Members

2

2.8

||

Project Member Leaving during Project

2

2.8

||

Language Trouble (Japanese – English) among Project Members

2

2.8

||

Overwork and Exhaustion of Project Member

1

1.4

|

Misunderstanding of Specifications of the GSEs/Test Facilities

1

1.4

|

Unknown

1

1.4

|

*Note: Multiple factors were extracted from a single case. Therefore, the total number is larger than the total number of reported cases.

The Keywords of “communication” and “information
sharing” is also important point. It is very rare that a
satellite project can be completed by a single person,
and most satellite projects are completed by multiple
people, including faculty, mentors, and students, even if
they are in different positions. Hence, the efficiency of
the project execution environment must be improved in
order to implement efficient communication. For
example, all project members in one room, on the same
floor, in the same building, and so on. Anyway, the
physical proximity of project members has a significant
impact on the density of communication.

Table 15 shows the estimated root-cause analysis
related to management or organocation. Top 3 factors
are “Insufficient Knowledge/Experience of Project
Members” (21 cases), “Insufficient or Mismatch of
Communication between Faculties/Mentors and
Students” (20 cases), “Insufficient or Mismatch of
Information Sharing between Project Members and
Venders / Manufacturers” (19 cases). These factors tell
us the importance of “educating students on satellite
development technology” and “educating and
disciplining students on project management”.
Especially in the case of first satellite, faculty members
and mentors often lack experience, and there have been
scattered cases where they are unable to provide
adequate guidance and advice to students.

Furthermore, it is important to communicate effectively
not only inside of the project but also the outside. In the
case of university satellites, there are many cases where
companies are asked to provide components that cannot
be developed within the university. If communication in
these cases is left solely to the students, it is crucial to
create an atmosphere in advance and establish rules for
communication. The characteristics described in these
factors can be the key points of education and discipline
for students in university satellites, and the advance
preparation of projects that include educational
perspectives reflecting these characteristics is also
essential for the success of the satellite missions.

Additionally, a unique problem to university satellites is
that the life cycle of students occurs over a period of
several years (generally, 2~3 years), which may cause a
breakdown in information and skills for long-term
projects or when handing over to the second or third
satellite project. Therefore, core design knowledge and
know-how of testing process should be maintained by
faculty members or mentors or staffs who are likely to
remain with the organization for a long period of time.

Tsuruda
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Discussions for Mission success & Failure Mitigation

Table 16 shows the typical on-orbit failure examples
based on the above categories. These cases were
sampled from the individual failure reports. In the
category A, there are some functions related to attitude
detection and control like sun sensors, MTQs (Magnetic
Torquers). These troubles were temporary and able to
be overcome by taking some recovery actions based on
software functions like parameter updating or polarity
change command. Although this depends on the degree
of freedom of command operation, it is an advantage of
the ingenuity of designing the parameters that can be
set, registered, and updated as a Table in advance, so
that any parameters can be updated by command at any
timing.

As mentioned in the previous sections, a lot of insight
for mission success of university satellite projects was
distilled through this survey and analysis. Maximizing
achievements and mitigating failures are two sides of
the same coin. Hence, this research attempted an
approach that compares the characteristics of both
successful projects and those that experienced failure.
From the overview trend of this survey, it was almost
double between the number of failures (136 cases) and
its success (72 cases). Therefore, the categorization of
failure which happened before launch (65 cases) and
after launch (71 cases) was tried to be introduced.
The failures happened before launch is useful in helping
to improve system reliability and make the mission
success ratio higher. Therefore, it is extremely
important to learn “How to detect the failures which
means fixable, marginal, small troubles before launch?”
by referring previous cases. Of course, it is essential to
learn the minimum satellite handling manner necessary
to limit the occurrence of catastrophic problems that
would force a satellite project to be terminated before
launch. One of the important lessons learned from this
analysis is that the projects that find many small
problems before launch have a higher probability of
success after launch. In this survey, there are “by
enough ground tests,” “by reviewing from the
experienced people,” “by comparing multiple same
components or similar components,” and so on as
lessons learned. This approach is “prevention of
failures occurring on orbit.” The failures happened
after launch means the project team was NOT able to
find the potential risk before launch. Therefore, it might
be relatively difficult to find before launch. However, it
must be valuable to identify “How the previous projects
deal with that?” This approach is “recovery strategy,
backup system, redundancy against failures
occurred on orbit.” In this research, for better
understanding, the failures happened after launch were
tried to be categorized into the following categories:

The category B represents those that were unable to
avoid permanent failure but were able to continue the
overall satellite mission despite limitations in
performance and operational capability due to preinstalled backup components or similar redundancy
features. For example, this is the case when one of
several sensors or actuators has become completely
unusable. An important approach to "manageable
troubles" is the idea of "isolating" the unusable
functions so that they do not spill over to healthy areas.
Among the reported cases, there were applying the
switching functions for power supply-related paths
were so finely divided that the unused parts were turned
off, which was designed to prevent them from having a
negative impact (e.g., unexpected excessive power
consumption) on the overall system.
The category C shows examples of Interruptions of
operation. The cases reported included "frequency
constraints" and "temporary breakdown of ground
station equipment" that originated from sources other
than satellites. The category D is catastrophic troubles
that satellites must be avoided to happen on orbit. This
is discussed in the next section.
Table 16: On orbit Failure Categorization and
actual examples reported by UNISEC-related
satellites [29, Page 245]

[A] Predicted troubles that have continued to operate
by improvement or some alternative methods
during the operation period.
[B] Manageable troubles that could not be improved
during the operational period but remained
operational.
[C] Interruptions of operation that have experienced a
period of operational inactivity but remained
operational.
[D] Catastrophic troubles that operation had been
terminated.

Tsuruda

Category

On orbit Failure Examples

[A] Predicted
troubles
before launch

➢
➢

Anomalous Earth albedo detection and
attitude determination by sun sensor.
Opposite Magnetic torque due to a
mistake in the installation, power
supply polarity, etc.

[B] Manageable
troubles

➢
➢

Gyro Sensor Trouble
Reaction Wheel Trouble

[C] Interruptions
of operation

➢
➢

Operational Constraints due to
Frequency Interference
Ground Station Trouble

➢

Tele-communication Lost

[D] Catastrophic
Troubles
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To avoid DOA Situation

this kind of long-distance link test was NOT able to be
performed, at least, near field link test by using an
anechoic chamber should be performed. When
performing the link test, it is desirable to perform
enough checks in both the command and telemetry
directions to provide a quantitative evaluation of the
success rate.

DOA (Dead-On-Arrival) situation which means
satellite radio signal had NOT been received since
launch at all. There have been many reported cases and
statistical analyses of satellites that fell into DOA status,
and the previous research papers (Michael Swartwout,
et. al.) [30, 31] reported that although it depends on the
number of experience and maturity of the project, the
number of applicable cases in the surveyed global
university projects through 2017, it is reported that
about 20 ~ 40 % of the satellite cases are applicable. In
this DOA situation, the ground operators only know
that "no signal is received". However, the responsibility
should not be solely on the tele-communication
subsystem (abbreviated as COM below). It is important
to conduct design and verification work with a thorough
understanding of how the subsystems that make up the
satellite interact with the function of transmitting radio
signals.

Furthermore, in the case of command receiving, the
approaches of noise level estimation and mitigation is
also important. As for such the CubeSat formfactor,
unexpected EMI (electromagnetic interference) from
PCBs (Print Circuit Boards) tends to affect the receiver
or the signal path from antenna to the receiver because
PCBs tend to be placed closely each other in the
structure. Therefore, it is essential to measure noise
emission from PCBs, to add electromagnetic shields on
the doubtful parts/circuit on PCBs.
Antenna design and verification is also essential
activity to make the possibility of success higher. As it
has been the case ever since the dawn of CubeSat,
deployable antennas have been very often used on
satellites using UHF and VHF because of the need to
achieve element lengths that are appropriate for the
radio frequency. There are many examples of deployed
antenna designs, implementations, and tests, but the key
question is, "Did you conduct enough numbers of the
deployment tests before launch to satisfy
reproducibility?" and "Did you conduct the deployment
tests under the various conditions expected in space,
such as high and low temperatures, solar battery power,
battery power, and parallel operation with other
components?” Among the reported cases, there were
cases where enough number of deployment tests could
not be performed, cases where hardware design to
achieve reproducibility were inappropriate, and cases
where exposure temperatures in space were not covered
during the deployment test on ground.

To advance this discussion, the trends in the cases
reported in this research were checked back again. The
subsystems which the number of failures happened
after launch were smaller than before launch were EPS,
Structure, and Thermal. One of the common
characteristics of these subsystem tends to be
“Hardware-Oriented.” Especially, EPS and Structure
subsystem have relatively many items related to rocket
interface and safety program. Hence, the priority tends
to be higher than the other subsystem to keep the
schedule to shipping to launch vehicle. On the other
hand, the subsystems of COM, CDH, ADCS tend to be
“Software-Oriented.” Especially, CDH and ADCS
subsystems have relatively large workload related to
software functions. In terms of software functions, in
early project phase, it is important to have a sufficient
functional definition and an estimate of the time
required for implementation/verification. Model-based
engineering methods, which have recently been used in
fields other than space, are also effective for this
purpose.

Among 85 UNISEC-related launched satellites
introduced in previous sections, several satellites were
DOA situation. In these lessons learned survey, no
reports were obtained from satellites that were in such
DOA status, therefore it is necessary to include them
and further increase the number of surveys.

In terms of COM, it tends to be relatively difficult to
conduct ground tests that simulate actual operations
before launch because of radio station license. Several
reports also reported analyses that ground tests with
radio transmissions were not adequately conducted
before launch. That said, not doing any wireless testing
before launch at all is very risky. Therefore, it is
necessary to obtain a preliminary radio station license
in advance, and to confirm the communication link by
transmitting radio waves to the ground station antenna
to be used for actual operation from a remote location
with no obstacles sight (mountain top or building roof
top). To emulate the distance effect, attenuators should
be inserted between the antenna and the transmitter. If
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Project Team Characterization
The project management perspective is also important
to increase the possibility of project success [32]. The
one of the key factors to success is appropriate
understanding of the value and motivation of the
university, which is not a commercial company. In this
section, we attempt to categorize and present the cases
obtained from this study into typical project team styles.
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Table 17 shows project style of UNISEC-related
satellite project. The first style of university satellites is
driven by student initiative. This is a project in which
student teams work independently to design the mission
objectives and the overall system. In this type of project,
the role of faculty and mentors is limited to support.
The second style is the Faculty Initiative Project, in
which faculty members obtain research grants and other
resources to carry out mission objectives defined by the
faculty members. In this style, faculty members may
play a strong role in overall project management and
system design. The third style is collaborative project
with universities and partner organizations like
commercial companies and/or national institutes. In this
style, the satellite mission and system are likely to
relatively high-level and complicated. In some cases,
venture companies and/or new businesses are built as
an outgrowth of these styles. The more advanced the
mission objectives or the larger the system scale, the
more organizations and members tend to participate.

experience of participating in the project will lead to
participation in the organization as a job.
Considering this perspective, it is important for
university satellites to understand the scale of their
project teams and, moreover, to be programmatically
aware of their potential for future development. Every
category of project team style has its own unique
benefits and incentives for students. The following
relationship is one of the indications for system
characteristics.

XI-IV, XI-V, PRISM,
SEEDS, NEXUS,
STARS-I/II, Birds-1/2/3,
OrigamiSat-1

[B] Faculty Initiative Project
(Student may follow the
instructions by faculty members)

SPRITE-SAT, RISIGN-2,
Micro Dragon

[C] Universities
+ Partner Organizations
(Companies, National Institutes)

QSAT-EOS, UNIFORM-1,
HODOYOSHI-3/4.

[A] > [B] > [C]

In this context, the research team consisted of UNISEC
faculty members decided to establish “Mission
Assurance Handbook” for every university satellite
project. To consider the contents of handbook, the
research team was held additional interviews for
experienced faculty members who had multiple
university satellite projects so far in 2021. In addition,
based on summary of these interview and investigation
shown in this paper, experts review meeting between
UNISEC faculty members and the experts from JAXA
or commercial companies was held. Trough this
meeting, the practical know-how was brushed up
further.

In some reports, “the difficulty of motivation keeping
of student members” was mentioned. To consider this
essential problem, the question of “Who gives what to
whom?” might be useful. In the case of student
initiative project, students interact with each other's
knowledge, know-how, and the way they work on the
project. In the case of faculty initiative project, students
expect to get higher skills and knowledges from faculty
members and mentors. In the case of C including
interuniversity projects or collaborative project with
partner organizations (commercial companies, national
institutes), the mission requirements and system
complexity tend to be higher and more complex.
Therefore, the reaching range of project from a student
might be limited. However, the experience and skills
(related to technical and project management) might be
higher. In this kind of high-level project, not only the
experience and skills but also the relationship to partner
organizations like commercial companies, national
institutes might be an incentive factor. Possibly, the

Tsuruda

System Outlook:

Mission Assurance Handbook

Examples

[A] Student Initiative Project
(Main Player = Student,
Supporter = Faculty members)

[A] < [B] < [C]

For example, a student who experienced with style A
projects as an undergraduate student could develop into
a graduate student or researcher and participate in style
B and C projects as well. At any team-style, must not
forget the perspective of “What can students get from
the projects?”

Table 17: Project Team Style and Examples
[29, Page 306]
Project Style

System Complexity:

This handbook is intended for young students working
on satellite projects for the first time and the faculty and
mentors who guide them. In this book, we tried to
introduce not only "What validation items must be
considered?" but also "How long should you expect the
verification items to take?” “How many people are
needed?” “What equipment is needed?” “How should
the data be compiled and evaluated?” Furthermore, if
the launch date is X-day, this handbook also introduces
a standard schedule template to find good solution
related to the following questions: “How soon will the
satellite ship date come?” “What environmental tests
should be completed How far in advance of X-day?”
This kind of practical know-how is based on examples
from past university projects as shown in this paper and
previous research [33, 34]. The major contents are
shown in APENDIX. A.
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CONCLUSIONS

the 33rd AIAA/USU Conference on Small
Satellites, Logan, Utah, August 2019.

In this paper, the authors tried to review the actives of
UNISEC satellite projects to distill the best practices to
ensure the mission success of the satellites from 2003 to
2022 in Japan.
In this research, the general statistical characteristics
(launch year, orbit type, launch conditions, frequency,
configuration, and mass distribution) of 85 launched
UNISEC-related university satellites.
Furthermore, by referring the statistical results of
analysis reports from 36 university projects, the
important lessons learned were introduced for mission
sauces in university project. These achievements
summarized into “UNISEC Mission Assurance
Handbook” will be published as online contents in 2022.
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APPENDIX. A
UNISEC Mission Assurance Handbook Contents
The contents of UNISEC Mission Assurance Handbook
are shown as below. This Handbook is published on
UNIEC Official Website.
1

Introduction

2
2.1
2.2
2.3
2.4
2.5
2.6
2.7

Project Management
Schedule Management
Project Team Organization
Improving Project Efficiency
Frequency Coordination and RF License
Compliance with Safety Requirements
Documentation Control
Control of Defects

3.1
3.2
3.3
3.4

Defining the Mission
Feasibility
Success Criteria
Mission Scenario
Risk Management

3

4

Conceptual Design
Requirements Management
(Consistency between Mission Requirements,
Design Requirements, and Verification
Requirements）
4.2
Incorporation of the Lessons Learned
from Past Projects
4.3
Safety Requirements Compliance Check
4.4
Verification Plan

6
6.1
6.2
6.3
7

4.1

5

Detail Design
5.1
Selection of Parts and Components
5.2
Risk Management, FTA and FMEA
5.3
Aiming for a Satellite that can Survive
5.4
Avoid Excessive Protective Functions
5.5
Points to Note in Design Changes
5.6
Satellite Design allowing Easy Operation
5.7
Satellite Design that is Easy to Test
and Easy to Assemble, Integrate and Test
5.8
Understanding of Design Basis
5.9
Before advancing to FM Phase
5.10 Safety Requirements Compliance Check

Tsuruda

Satellite Assembly and Integration
Quality Control
Contracting the Work or Building Inhouse
Safety Requirements Compliance Check

Testing
7.1
Electromagnetic Compatibility Test
7.2
End-to-End Mission Test
7.3
Electrical Interface (Integration) Test
7.4
System Functional Test
7.5
End-to-End Long Term Operation Test
7.6
Deployment Test
7.7
Fit Check
7.8
Thermal Test
7.9
Vibration Test
7.10 Test Configuration (Test-as-you-Fly)
7.11 Use of Outside Testing Organization
7.12 Evaluation of Test Results
7.13 Storage of Satellite
7.14 Confirmation of Compliance
with Safety Requirements

8
8.1
8.2
8.3

Satellite Operation
Preparation and Maintenance of Ground Systems
Satellite Operation Plan
Handling Anomaly and Failures

9.1
9.2
9.3

After Satellite Operation
Lessons Learned
Recording, Reporting and Publication of Results
Sharing of Knowhow

9

10 Sustainability of University Built Satellite Program
10.1 Viewpoint as a Program
10.2 Strengthening the Research Base in University
10.3 Funding of Project
10.4 Cooperation with Outside Organizations
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APPENDIX. B
Success and Failure Analysis Report Questionee
Table 13 shows the questionee and editor team.
Table 18: Report Questionee and Editors [29]
Role

Name

University Affiliations

Job Position

UNISEC Board Chairman
Supervisor / Questionee

Toshinori Kuwahara

Tohoku University

Associate Professor

Supervisor / Questionee

Shinichi Nakasuka

The University of Tokyo

Professor

Chief Editor / Questionee

Mengu Cho

Kyushu Institute of Technology

Professor

Editor / Questionee

Yoshihiro Tsuruda

Teikyo University

Lecturer

Editor / Questionee

Masahiro Furumoto

Tokyo Metropolitan University

Assistant Professor

Editor / Questionee

Kikuko Miyata

Meijo University

Associate Professor

Questionee

Ryu Funase

The University of Tokyo

Associate Professor

Questionee

Satoshi lkari

The University of Tokyo

Assistant Professor

Questionee

Yuji Sakamoto

Hokkaido University

Associate Professor

Questionee

Shinya Fujita

Tohoku University

Lecturer

Questionee

Masahiro Nohmi

Shizuoka University

Professor

Questionee

Hiraku Sakamoto

Tokyo Institute of Technology

Associate Professor

Questionee

Hironori Sahara

Tokyo Metropolitan University

Professor

Questionee

Yasuyuki Miyazaki

Nihon University

Professor

Questionee

Masahiko Yamazaki

Nihon University

Associate Professor

*Note 1: University affiliations and job positions are as of March 2021, when this survey was conducted.
*Note 2: There were a few questionee who wished to remain anonymous (not listed in this table).
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